Abstract. Susatya A. 2018. The potential risk of tree regeneration failure in species-rich Taba Penanjung lowland rainforest, Bengkulu, Indonesia. Biodiversitas 19: 1891-1901. Tropical lowland rain forest is recognized by its high species richness with very few trees per species. It is also known for having tendency to outcrossing of its species with different floral sexualities, which requires the synchronization between flowering of its trees and the presence of pollinators. Such ecological attributes raise possible constraints for the forest trees to regenerate. The objective of the study was to assess the potential risk of failed regeneration for each tree species of the forest. Each of species with dbh of more than 5 cm in a one-ha plot was collected, identified, and its ecological criteria, including rarity, floral sexuality, seed size, and flowering phenology were determined. The potential risk of the failure of regeneration was calculated by summing all scores from Analytical Hierarchical Process of the criteria. The results indicated that the forest consisted of 118 species belonging to 69 genera and 37 families. Rare species accounted to 52.10% of the total species. Of the 118 species, the potential medium risk category contributed to 38.14%, and more than 33% were grouped into very high and high risk or were more prone to failed regeneration in the future. All rare dioecious species were categorized into very high and high risks. Only 21 species (17.79%) are listed in 2017's IUCN red list. Among unevaluated species, 22 and 13 species were respectively included in very high and high potential risk categories. The results revealed more detailed potential risk of failed regeneration of tree species, and can serve as basic information to develop proper conservation management.
INTRODUCTION
Tropical rainforests and their intangible functions are getting more important in recent years due to their vital roles in providing life-support and ecological services such as carbon sequestration, water provision, and prevention of global warming and its negative effects. However, their existences are constantly being threatened by economic as well as human population pressures. Indonesian lowland rain forests especially in Sumatra and Kalimantan Islands, have been undergoing rapid deforestation and degradation as the results of conversions into mainly oil palm plantations as well as into industrial plantation forests which have simpler stand structure. In addition to those external factors, the forests inherently have their own ecological attributes that potentially constrain their abilities to regenerate. In species-rich tropical rain forests, each of their tree species generally consists of very few individual trees (Whitmore 1983; Sakai et al. 1999; Sakai 2001) . Susatya (2007 Susatya ( , 2010 studying three different tropical rainforests discovered the similarity of their structural patterns, namely, they were composed of many species, but with very few individual trees. The very low density of tree species appears to be more prevalent to the climax tree species than the pioneer ones (Susatya 2010) . Furthermore, unlike pioneer species that have good capabilities to explore wide ecological ranges, the climax tree species have been known to adapt to more limited ecological ranges as well as more stable environments, and have difficulty to grow under warmer and drier environments (Whitmore 1983) . Therefore, rapid environmental changes induced by both climate change and forest degradation will pose constraints for climax tree species to regenerate. Moreover, according to floral sexuality, Bawa et al. (1985) shows that dioecy is common among tropical tree species, which requires at least two different individual trees to perform sexual regeneration.
In the tropical forest, even hermaphrodite species tend to be not self-compatible, and consequently have to do outcrossing (Bawa et al.1985) . Both phenomena require flower synchronization among trees of the same species in order that pollination process can occur. Even if this takes place, then pollination process is still difficult, because different flowering trees can be distant from each other (Whitmore 1983 ). In the tropical rainforest of Malaysia Peninsular, for example, it requires 32 ha to find two trees of the same species (Poore 1968) . Therefore tropical trees must adapt to the rapid environmental alterations; otherwise, they may be threatened by those changes and may face difficulties in regeneration because of their own reproductive biology. The focus of the study was to determine the potential risk of failed regeneration of tree species based on their floral sexualities, tree density, flowering patterns, and seed sizes.
MATERIALS AND METHODS
The research site was located at Taba Penanjung Area within Bukit Daun Protection Forest (Hutan Lindung Bukit Daun) , Bengkulu Province, Indonesia (Figure 1 ). This lowland rainforest was well protected and minor illegal logging in the form of cutting small pole (< 10 cm dbh) for social purposes infrequently occurred. Records at Talang Pauh climate station showed that in the last decade, Taba Penanjung area received the annual rainfall around 2848 mm, with no monthly rainfall less than 100 mm. November, December, and January respectively received, 533, 420, 304 mm rainfall, higher than that of the other months. August was known to receive the lowest monthly rainfall (BPS Kab. Bengkulu Tengah 2012) . Unusual low monthly rainfall occurred in 1991 and 1994, when September and October got only 3 mm. The monthly relative humidity was 83%, and reached as high as 87.7%, but dropped as low as 75.96%. The average monthly temperature was 26.2 0 C, and reached its respective maximum and minimum at 29 0 C in August, and 23 0 C in October (Susatya 2007) . Basic floristic data were collected from a one-hectare plot in 2015. All trees with dbh of > 5 cm were tagged, their diameters measured, and their herbarium specimens collected. Species identification was carried out in the Herbarium of Universitas Bengkulu (HUB). Species nomenclature followed by Turner (1995) . In the case of the absence of tree's reproductive aspects such as floral sexuality, flowering phenology, and seed size for each species, I relied on the available secondary information including Soerianegara and Lemmens (1994) , Lemmens et al. (1995) , Sosef et al. (1998) , and Plants of Southeast Asia (www.asianplant.net) to collect those data.
To determine the potential risk of failed regeneration (PRR), I applied Analytic Hierarchy Process (AHP) developed by Saaty (1980) , and adopted a similar approach from Oktariadi (2009) , who used AHP to develop the risk ranking of tsunami in Southern Java. The method of AHP was selected because PRR was calculated by summing the score of different criteria or biological aspects such as density, floral sexuality, flowering phenology, and seed size. AHP is widely used for selecting alternatives from different criteria in different hierarchies. AHP transforms qualitative data into the quantitative ones through pairwise comparisons by experts (Saaty, 1980) . Each comparison was conducted to assign a value between two criteria according to their relative importance (Table 1 ). For the purpose of the study, two hierarchies were established. The first hierarchy consisted of main criteria such as species sexuality (Si), flowering phenology (Pi), seed size (Zi), and rarity (Ri) or the number of individual trees per species per ha. Meanwhile, the second hierarchy was subcriteria within sexuality, phenology, seed size, and rarity. Subcriteria of floral sexuality (Sj) included hermaphrodite (S1), monoecious (S2), dioecious (S3), while subcriteria of the flowering phenology (P j ) consisted of once (P1), twice (P2), throughout year (P3), and supra annual (P4). We defined supra annual category as tree species that performs flowering every more than 1 year, while throughout year was tree species that flowers more or less continuously within a year. The subcriteria of seed size (Z j ) was categorized and developed following Chacon et al. (1998) . It consisted of very small (0-4 mm), small (4-8 mm), medium (8-12 mm), large (12-16 mm), and very large (> 16 mm), and was respectively coded as Z1, Z2, Z3, Z4, and Z5. Subcriteria of the rarity (R j ) consisted of R1, R2, R3, R4, R5, R6, and R7, which was defined by species with 1, 2, 3, 4, 5-6, > 7 trees per ha, respectively. Three senior ecologists within the Department of Forestry, University of Bengkulu were selected as experts to carry out pairwise comparisons between two criteria or subcriteria. The results of pairwise comparisons were used to construct the matrix of the value judgments, which was further analyzed to find the matrix of the priority rank (eigenvalue). Each eigenvalue of criteria or subcriteria reflected the score of their relative importance in determining the potential risk of failed regeneration.
At each hierarchy level, the consistencies of all scores were checked by comparing their calculated consistency ratios with Saaty's consistency ratio table. If there were inconsistencies in their judgments, all processes of pairwise comparison and analysis were repeated (Saaty 1980 , Saaty 2008 . Potential risk of failed regeneration, then, was calculated by summing the score of criteria and subcriteria of each species i (Si Sj + Pi Pj + Zi Zj +Ri Rj) x 100. Five categories of the potential risks consisting of very high, high, medium, low, and very low were developed. A species was included in either very high, high, medium, low or very low risks, if it had respectively a total score of PRR between 30. 93-36.44, 25.42-30.93, 19.91-25.42, 14.41-19.92, and 8.89-14.40 . Potential risk was developed to indicate the relative sensitivity of a species to regeneration failure. It was aimed to extend the interpretation of species threats and the modifications of the systems in determining extinction risk in IUCN at local level. A species with very high-risk category implies that over the time, this species is expected to be more sensitive to the regeneration failure than those in lower risk categories. Any species with very high and high risks will have respectively very high and high probability of regeneration failure in the near future.
RESULTS AND DISCUSSION
Taba Penanjung lowland rainforest consisted of 118 species belonging to 69 genera and 37 families (Supplement). The forest structure was composed mostly of species with a single tree per ha that contributed to 60 species or 50.85% of the total species (Figure 2 .A). Only four species, namely Microcos laurifolia, Croton argyratus, Elateriospernum tapos, and Endospermum diadenum, had more than 10 trees/ha. Elateriospernum tapos (Euphorbiaceae) had the highest density per ha with 31 trees. Following to Ng's category (1978) on species rarity, who defined that any species with a single tree is categorized as rare species, then the forest structure is unproportionally composed of rare species. This rarity was also shown at both genus and family levels in that 8 families or 21.62% of the total families and 20 genera or 28.98% of the total were respectively represented by a single tree. Therefore, any loss of an individual tree of the rare species can result in the loss of species, genus, and family. The unproportional number of rare species composing forest structure appears to be common in Bengkulu such as in Tambang Sawah lower montane forest of Kerinci-Seblat National Park (Susatya 2010) , and Talang Tais secondary lowland rainforest (Susatya 2007) . Euphorbiaceae was the most diverse family with 11 genera and 23 species, followed subsequently by Moraceae with 3 genera and 13 species, and Meliaceae with 3 genera and 10 species. It seems that the abundant species of Euphorbiaceae is one of the characters of the floristic composition of Sumatra lowland forest. This is also observed elsewhere in West Sumatra (Hadi et al. 2009 , Kohyama et al. 1989 . Interestingly, the rare species was also common among the most diverse families. Among 23 species of Euphorbiaceae, 11 species (47.82%) were rare species. Meanwhile, the families of Moraceae and Meliaceae respectively had 33.33% and 40% of their species categorized as rare. Species characterized by very few individual trees per ha potentially faces more difficult to maintain its population.
According to floral sexuality, hermaphrodite species were the most prevalent, contributing to 41.53% of the total species (49 species). Meanwhile, monoecious and dioecious species respectively consisted of 33.05% (39 species), and 25.42% (30 species) (Figure 2 .B). Monoecious and dioecious species generally account to 4% and 6% respectively, but the later appears to be more prevalent in the tropics than in temperate regions (Renner 2014) . The number of monoecious and dioecious species of Taba Penanjung lowland rain forest was higher than that of Costa Rica wet premontane forest (Breanne 2017) as well as of Central Kalimantan, Indonesia (Brearley et al. 2007 ). Monoecious and dioecious species of Costa Rica premontane respectively account to 13.10% and 13.70% (Breanne 2017) , while the similar categories of Central Kalimantan respectively contribute to 14.70% and 23.49% of the total species (Brearley et al. 2007 ). Special to dioecious species, its number appears to be more similar than those found at both Sarawak (Ashton 1969) and Pasoh forests (Kochummen et al. 1991) .
Dioecious species at both sites respectively account to 26% and 28%. The number of monoecious and dioecious species of the site altogether accounted up to 58,47% of the total species (69 species). This shows that more than half of the total species have to perform outcrossing in order that pollination can occur. Such a process requires both the synchronization of flowering phenology and the presence of pollinators, which could lead to uncertainty on seed production and tree regeneration. The uncertainty is even greater because the sex ratio of dioecious species is malefavored (Queenborough et al. 2009; Gao et al. 2012) , and male flowers bloom earlier than their female opposites at certain species (Queenborough et al. 2013) .
With regard to tree regeneration, dioecious species have advantages because they tend to yield large seeds, containing more energy (Varmosi et al. 2008) , which increase the probability of seedling survivorship. However, dioecious species also face the difficult regeneration, because they have only half of their adult trees to produce seeds (Renner 2014) . Dioecious tree species also tend to generate high seed density around their female parent trees, which further lead to high seed predation. It is speculated that the more distant the individual dioecious trees grow from their female parent trees, the higher probability of their seed survivorships and the better seedling recruitment they have due to predation avoidance (Abebbe 2008) . Taba Penanjung lowland rainforest has diverse tree species based on flowering phenology. According to flowering phenology, the majority of species of Taba Penanjung rain forest perform either throughout or once flowering phenology (Figure 2 .C). Flowering phenology shows the incidence of reproductive efforts of the species, which reflects and will determine the probability of the reproductive success. The throughout flowering species has relatively higher probability to ensure seed production and tree regeneration in the future than the supra annual category, simply because the former produces more frequent flowers and fruit than the later, which only produces flower and fruit once for every two to five years. Flowering phenology is an important factor in tree regeneration, because the length, timing of flowering and fruiting coupled with seasons will determine seed production, seedling mortality, establishment, and growth (Augspurger 1981) . Furthermore, the role of environments becomes a pivot point in tree regeneration because the flowering phenology shows a strong correlation with climate, rainfall, and humidity, drought and temperature (Kushwaha et al. 2011; Sulistyawati et al. 2012) . Species with throughout flowering contributed to 45.38% of the total species (54 species), while those with once flowering a year accounted to 34.45% (41 species). The number of A B C species with twice a year and supra annual flowering patterns was not as many as both throughout and once flowering phenologies. Both patterns respectively accounted to 10.08% (13 species) and 9.14% (11 species). The number of species with supra annual flowering in the site was much lower than that of Central Kalimantan (Brearley et al. 2007) , and of Lambir hill of Sarawak (Sakai et al. 1999) . The supra annual flowering species at those two last sites respectively account to 75%, and 54%. Both forests are dominated by species of Dipterocarpaceae (Brearley et al. 2007; Sakai et al. 1999) , which are well known to perform mass flowering or supra annual flowering. Meanwhile, Taba Penanjung rainforest is dominated by species of Euphorbiaceae and Moraceae, which are recorded to have throughout flowering patterns (Whitmore 1983) .
Most of species fallen into medium risk category, contributing to 38.14% of the total species. Species with this medium risk indicate that they do not face an immediate risk which may further threaten their regeneration. Other categories namely very high, low, and high risks had almost similar values, ranging from 19.49%, 18.64%, to 17.80% (Figure 3 ). Both very high and highrisk categories altogether accounted to 37.29%, indicating that more than one-third of the species will face more serious threat to their tree regenerations in the near future.
Twenty three species (Figure 3 ) from five families were included in very high-risk category, consisting of species from Euphorbiaceae, Myristicaceae, Lauraceae, Flaucourticaeae, Moraceae, and Rubiaceae. Each of these families respectively contributed to 52.17% (12 species), 21.74% (5 species), 13.04% (3 species), and 4.3% (1 species). Of these families, all species of Myristicaeae, namely Knema globularia, Knema glauca, Horsfieldia polyspherula, Horsfieldia costulata, and Gymnacranthera forbesii, were included in this category. The very highrisk category was dominated by dioecious species (22 of 23 species). The only monoecious included in this category was Artocarpus kemando (Moraceae). Artocarpus kemando was characterized by a single tree per species per ha, large seed category, and supra annual flowering. The combination of these biological characters makes this species have very highrisk. A note of this species is that the incident of supra annual flowering is relatively longer that of the other supra annual flowering species. It has been recorded to not produce flowers within 7 years (Sosef et al. 1998) . The very high risk category consisted not only of species with a single tree; in fact, 7 of them had more than one tree per ha, namely Aporosa accuminatisima (2), Actinodaphne peduncularis (2 trees), Drypetes longifolia (2 trees), Hydnocarpus curtisi (3 trees), Horsfieldia costulata (2 trees), and Knema globularia (3 trees).
All of these species have similar characters such as dioecious and extra large seeds, with various flowering phenology. Among these species, Aporosa accuminatisima and Actinodaphne peduncularis are recorded to have ecological disadvantages, where the former has been reported for its low regeneration, and the later has been known for its restricted distribution (Sosef et al. 1998 ). It appears that the extra large seed category, and the species density of more than one tree per ha will put the dioecious species into very high risk regardless of their flowering phenologies. The extra large-size seed is generally recalcitrant, which has very fast germination, low capability of dormancy, and high sensitivity to drought (Marcos-Filho 2005) . Water content within seeds of this type determines germination success, and varies according to species and habitat quality. For example, the seed of Shorea roxburghii, which has habitat with low rainfall, is tolerant to low water content and still be able to germinate when the water content reaches as low as 35%. Meanwhile, the seeds of other species such as S. almon, and S. robusta can not germinate when the water content is less than 40%. Recalcitrant seeds generally are not able to germinate if the water content reaches as low as 20%-30% (Davies and Ashton 1999) . This is the reason why the species with large seeds prefer to grow and become common in the moist condition under canopy trees, but hardly survive in open canopy, or a dry, warm, and disturbed habitat. Davies and Ashton (1999) raise the issues on the disadvantages for large-seed species. A large seed tends to have lower fecundity and can hardly thrive at a forest gap habitat. On the other hand, a large seed has the advantages of having more energy reserved in its cotyledon. In a goodquality environment, the large seed germinates and grows rapidly, and has high seedling survivorship due to the large energy stored in cotyledon (Arunachalam et al. 2003) . On the contrary, the small-size seed size is generally more tolerant to decreasing water contents (Chin et al. 1989 ). Small-size seeds are categorized as orthodox which generally tolerate drought, and are well known to have long dormancy. Therefore, species with small seeds are able to wait until suitable environments become available for their germination. The presence of gap generating more light intensity, drier and less moist conditions triggers small seeds to germinate and dominate the open habitat (MarcosFilho 2005) . Furthermore, a small seed has many ecological advantages of having wider dispersal, being able to select suitable microclimates, and having high fecundity (Davies and Ashton 1999) . The majority of the very high-risk category had throughout flowering (12 species), followed by once flowering phenology type (6), while supra annual flowering only consisted of 3 species. This flowering phenology variation shows that the phenology does not determine the very high-risk category. Furthermore, the very high risk comprised 8 and 7 species respectively characterized by extra large and small seed categories. Similar to the phenology, seed size does not determine the very high-risk category either. Therefore, in general, if a species is dioecious and rare, then the species is likely to belong to very high category regardless of seed size and flowering phenology. Dioecious species generally fall into very highrisk category, because of the complexity of reproduction biology. To carry out reproduction efforts, they require flowering synchronization and the presence of pollinators. Dioecious species also show more limited reproduction capacity than those having other flower sexuality types, simply because they have only half of their mature trees contributing to seed production. Their flowering and fruiting successes are also influenced by both the distance between male and female trees and the pollinator movement from male to female trees (Renner 2014) . During pollination process, pollinators travel a certain distance which further adds up to the uncertainty of fruit production. The farther the distance between mature male and female trees, the more uncertain pollination process to occur. It was estimated that the closest distance between the same tree species could reach up to 131 m, and the distance between female and male trees could be even farther (Abebbe, 2008) . The difficulty of the regeneration of dioecious species is even greater due to the fact that the microclimates beneath male mature trees play a determining role in regeneration. It has been known that seedling and sapling recruitments tend to be greater under the male trees than the female trees (Arai and Kamitani 2005) .
A rare species is expected to face the regeneration problem due to its difficulty to maintain its population density. A rare or single-tree per ha species is more likely to experience failed regeneration simply because it statistically has a lower chance to regenerate than those of more than one tree per ha. Forest structure dominated by species having very few individual trees appears a common ecological attribute of species-rich Southeast Asia rainforest (Susatya 2010) and Nigerian rain forest (Adekunle et al. 2013) . From the forest tree regeneration perspective, this attribute has been worsened by the fact that even hermaphrodite species tend to be not selfcompatible (Bawa 1979; Bawa et al. 1989 ). However, in this research, a species with a single tree alone does not necessarily determine whether the species belongs to either very high or high-risk categories. In fact, 55% of the total of rare species are classified into either medium risk (27 species) or low risk (5 species) category. Only rare species with either dioecy or monoecy are most likely to belong to either very high or high-risk category. Rare species with high and very high-risk categories accounted up to 12 species and 16 species, respectively. Moreover, rare hermaphrodite species will fall into medium risk category regardless of seed size and flowering phenology. However, rare hermaphrodite species with both small seed category and throughout phenology such as Bhesa paniculata (Celastraceae), Astronia macrophylla (Melastomaceae), Neolamarckia cadamba (Rubiaceae), Micromelum minutum (Rutaceae), and Rinorea anguifera (Violaceae) were included in low-risk category. These combined criteria make these five species have better reproductive success as well as better seedling survivorship than the monoecious and dioecious species. This pattern shows that being dioecious or monoecious is more influential in determining very high and high risks than being rare species. As long as a rare species does not belong to dioecious and monoecious categories, it will not be included in either very high or high-risk category.
The high-risk category was composed of 21 species of 10 families (Figure 3) , of which family of Meliaceae contributed most with 7 species, while the other nine families only contributed from one to four species. Highrisk category comprised various species with all types of the flower sexuality. Monoecious species contributed most with 13 species (61.90%), followed by dioecious species (6 species). Meanwhile, hermaphrodite species only accounted to 2 species. Interestingly, of the 48 hermaphrodite species generally belonging to either medium or very low risk, two were included in high-risk category, namely Shorea ovalis and Palaquium hexandrum, both of which are characterized by extra large seed and supra annual flowering phenology. The combination of extra large seed and less frequent incidence of flowering and fruiting makes those two species classified into highrisk category. In addition to these biological aspects, an external factor in the form of timber harvesting becomes an imminent threat to these two species. The population of Shorea ovalis, the member of commercial light Red Meranti group, is also dwindling due to logging. Like other species of Palaquium, Palaquium hexandrum faces a reproductive problem, because its flowers hardly reach maturity due to insect predation. If they pass through fruit development, then their fruit suffer high predation by bats, birds, and squirrels (Soerianegara and Lemmens 1994) . Furthermore, a special attention has to be made for a rare species of Diospyros sumatrana which has been classified into high-risk category. The species appears to face fruit development problem, because it needs long period of time to reach fruit ripening (Lemmens et al. 1995) . Such a long period could result in being more vulnerable to fruit predation, which could further lead to lower its regeneration capability.
Not all of the monoecious species fall into a single category. Most of the monoecious species fallen into medium risk (18 species), subsequently followed by high risk (13 species), low risk (6 species), and very high and very lows risk categories which respectively consisted of only 1 species. Monoecious species with one to two trees per ha, large and extra large seed categories, and once flowering pattern will fall into high-risk category. Meanwhile, similar monoecious species with very small seed and throughout phenology (12 species) will belong to medium risks category. Interestingly, monoecious species with 3-4 trees but with once and supra annual flower will also belong to medium risk category regardless of seed size. It appears that whether a monoecious species will fall into a certain category is not solely defined by its rareness, but also by the seed size and flowering phenology.
Species belonging to medium risk category should not face immediate threats for their regeneration. However, timber harvesting will potentially jeopardize their future. Among the medium risk category (45 species), 26.27% (12 species) are either included into major or minor commercial timbers (Soerianegara and Lemmens 1994; Lemmens et al. 1995) . This indicates that these species are likely to become a target for logging in the near future. In addition to a timber harvesting factor, their ecological attributes could potentially increase the risks of several medium risk species. For example, the tree population of Alstonia angustiloba has been locally depleted due to logging (Soerianegara and Lemmens 1994) , while Baccaurea racemosa has been recorded as uncommon species at the lower strata of the Southeast Asia rain forest (Sosef et al. 1998) . Furthermore, Endospernum diadenum faces a high predation of its seeds and is known to have low seed viability (Soerianegara and Lemmens 1994) . Three species of Polyalthia, P. hookeriana, P. michaelii, and P. rumphii are noted to have scattered distribution, and their seedlings are sensitive to drought (Sosef et al. 1998) .
The hermaphrodite species were included in various categories from medium to very low risk. Rare hermaphrodite species are likely to fall into medium risk, if they have medium to extra large seeds, regardless of their flowering phenologies. However, rare hermaphrodite species with small to very small seed categories and throughout flowering pattern will fall into low risks. Furthermore, hermaphrodite species with more than one tree are most likely to belong to low and very low-risk categories. Hermaphrodite species with more than 4 trees will come up into two different categories depending on their seed sizes. Those with small and medium sizes will end up to very low-risk category, while those with large and extra large seeds will fall into low category. The former consists of Shorea platyclados, Barringtonia lanceolata, and Syzygium rostrata, while the later are Geunsia hexandra, Dillenia excelsa, Strombosia javanica, Neonauclea gigantea, Microcos laurifolia, Euonymus javanicus, and Cratoxylum sumatrana.
Of the 118 tree species, only 21 species (17.79%) are listed in 2017's IUCN red list. The other species are listed as not assessed species, meaning the conservation statutes of these species have not been evaluated according to IUCN's criteria. The tree species listed at IUCN consists of 2, 1, 3, and 15 tree species respectively categorized into endangered (E), Vulnerable (V), near threatened (NT), and least concerned (LC Comparing the IUCN RedList and the results of the potential risk analysis resulted in interesting outcomes. Among the 15 species listed as least concerned by IUCN, nine are classified into medium to low risk categories, which is almost similar to least concerned category, while the other six species, namely K. glauca, K. globularia, Aglaia tomentosa, Archidendron ellipticum, Litsea spathacea, and Sterculia obolongata are either included in high risk or very high-risk category. The first two were very high-risk species characterized by dioecious species with supra annual flowering phenology, while the rest were high-risk monoecious species with large seed category. S. oblongata, vulnerable species by IUCN, was classified into high risk. Both seem to be comparable status, where both indicate that in the near future, the species will face difficulty to maintain its population density in order to avoid local extinction. Interestingly, Shorea platiclados that has long been classified as endangered species (Ashton 1998) , did fall into low risk. Low-risk category of this species indicates that it relatively does not face immediate threat on its tree regeneration locally, and is considered to be able to ensure its future regeneration. The number of tree per ha (4 trees) became the main reason for the species to be classified as low-risk category. Moreover, among the 97 species whose conservation statuses have not been evaluated by IUCN, 22 and 13 were respectively included in very high and high potential risk categories.
The conservation statuses of most of the very high and high-risk tree species have not been evaluated according to IUCN's criteria. IUCN is aware that there is a need for more detailed evaluation for conservation status at local level because differences between global and local threats are very important for determining the status. It further indicates that a species which has been globally categorized into endangered could be the least concerned category due to steady population at a local level. On the other hand, species with least concern status can turn into endangered category due to its small and locally dwindling population (IUCN 2012 ). The results of this research make more detailed ecological information concerning the potential risk of the failure of tree regeneration available, which is not always provided by IUCN red list documents. The results are very important to serve as both substitutes and guidance at local level for conservation purposes in the absence of conservation status of IUCN of the tree species. (Hmp) . Seed size code; Extra large (Exl), Large (Lrg), Medium (Med), Small (Sml), Very small (Vsm). Flowering phenology code; Once (Onc), Twice (Twi), Throughout (Thr), Supra annual (San). PRR refers to the potential risk of regeneration failure. PRR code: Very high risk (VH), High risk (H), Medium risk (M),Low risk (L), and Very low (VL).
